3 ], (III)}, in which the repeating structural units lie across crystallographic mirror planes containing two independent and different metal cations and a bridging water molecule, with the two hydrogen p-arsanilate ligands and the second water molecule lying outside the mirror plane. The bonding about the two metal cations in all complexes is similar, one five-coordinate, the other progressing from five-coordinate in (I) to eight-coordinate in both (II) and (III), with overall M-O bond-length ranges of 2.694 (5)-3.009 (7) (K), 2.818 (4)-3.246 (4) (Rb) and 2.961 (9)-3.400 (10) Å (Cs). The additional three bonds in (II) and (III) are the result of inter-metal bridging through the water ligands. Two-dimensional coordination polymeric structures with the layers lying parallel to (100) are generated through a number of bridging bonds involving the water molecules (including hydrogen-bonding interactions), as well as through the arsanilate O atoms. These layers are linked across [100] through amine N-HÁ Á ÁO hydrogen bonds to arsonate and water Oatom acceptors, giving overall three-dimensional network structures.
The structures of the alkali metal (K, Rb and Cs) complex salts with 4-aminophenylarsonic acid (p-arsanilic acid) manifest an isotypic series with the general formula [M 2 (C 6 3 ], (III)}, in which the repeating structural units lie across crystallographic mirror planes containing two independent and different metal cations and a bridging water molecule, with the two hydrogen p-arsanilate ligands and the second water molecule lying outside the mirror plane. The bonding about the two metal cations in all complexes is similar, one five-coordinate, the other progressing from five-coordinate in (I) to eight-coordinate in both (II) and (III), with overall M-O bond-length ranges of 2.694 (5)-3.009 (7) (K), 2.818 (4)-3.246 (4) (Rb) and 2.961 (9)-3.400 (10) Å (Cs). The additional three bonds in (II) and (III) are the result of inter-metal bridging through the water ligands. Two-dimensional coordination polymeric structures with the layers lying parallel to (100) are generated through a number of bridging bonds involving the water molecules (including hydrogen-bonding interactions), as well as through the arsanilate O atoms. These layers are linked across [100] through amine N-HÁ Á ÁO hydrogen bonds to arsonate and water Oatom acceptors, giving overall three-dimensional network structures.
Chemical context
Arsenical 4-aminophenylarsonic acid (p-arsanilic acid) has biological significance as an anti-helminth in veterinary applications (Steverding, 2010; O'Neil, 2001 ) and as a hydrated sodium salt (atoxyl) that had early usage as an antisyphilitic (Ehrlich & Bertheim, 1907; Bosch & Rosich, 2008) . The crystal structure of this salt has been determined together with the NH 4 + salt (Smith & Wermuth, 2014) ; the structure of the parent p-arsanilic acid, which exists as a zwitterion, is also known (Shimada, 1961; Nuttall & Hunter, 1996) . We have also determined the structures of the alkaline earth metal (Mg, Ca, Sr, Ba) salts of the acid (Smith & Wermuth, 2017) . However, simple p-arsanilate single-metal complex structures are not common in the Cambridge Structure Database (Groom et al., 2016) , examples being with Ag I (three forms), Zn, Pb and Cd (Lesikar-Parrish et al., 2013; Xiao et al., 2015) ; Zn ; Cd (Liu et al., 2010) ; Sn IV (Xie et al., 2008) ; V IV and V V (Breen et al., 2012; Chen et al., 2012; Khan et al., 1992) ; UO 2 (Adelani et al., 2012 Mo O and Zn/Mo O with p-arsanilate and ligands such as 2,2 0 -bipyridine, 4,4 0 -bipyridine and 1,10-phenanthroline (Smith et al., 2013) .
In an attempt to complete the structures of the alkali metal series of p-arsanilate salts, our reaction of the acid with potassium carbonate, rubidium carbonate and caesium carbonate in ethanol/water resulted in the formation of the crystalline hydrated salts with general formula [M + 2 (C 6 H 7 AsNO 3 ) À 2 Á3H 2 O]. Compounds (I) (M = K), (II) (Rb) and (III) (Cs) and their crystal structures are reported herein. However, suitable crystals of the Li analogue were not obtained to allow its crystal structure determination.
Structural commentary
The structures of the three title compounds [(I), (II) and (III)] form an isotypic series, with the asymmetric units in each comprising two independent and different metal complex cations (M1 and M2), which lie on crystallographic mirror planes that also contain one of the coordinating water molecules (O2W), with the hydrogen p-arsanilate ligands and the second water molecules (OW1, O1W ii ) [symmetry code: (ii) Àx + 1, Ày, z] lying across the mirror plane (Figs. 1, 2 and 3, respectively) . In all three examples, the M2 cation is fivecoordinate, while with M1, the coordination spheres progress from five-coordinate in (I) to eight-coordinate in (II) and (III). The overall M-O bond length ranges are 2.694 (5)-3.009 (7) Å (K) ( Table 1) , 2.818 (4)-3.246 (4) Å (Rb) ( Table 2) and 2.961 (9)-3.400 (10) Å (Cs) ( Table 2) . The amine N atom is not involved in bonding to the metal, as is the case in a number of other p-arsanilate complexes, e.g. with Zn . The M1O 5 polyhedra in all three structures comprise four bridging arsonate O atoms and the 2 bridging water molecule (O2W) ( Tables 1, 2 The molecular configuration and atom numbering scheme for the complex unit in (I). The metal cations (K1 and K2) and the water molecule (O2W) lie on a mirror plane with mirror-related atoms indicated by symmetry code (ii) Àx + 1, Ày, z + 1 2 . For other codes, see Table 1 . Non-H atoms are shown as displacement ellipsoids at the 40% probability level.
Figure 2
The molecular configuration and atom numbering scheme for the complex unit in the isotypic structure (II). The metal cations (Rb1 and Rb2) and the water molecule (O2W) also lie on a mirror plane. For symmetry codes, see Table 2 . Non-H atoms are shown as displacement ellipsoids at the 40% probability level.
Figure 3
The molecular configuration and atom numbering scheme for the complex unit in the isotypic structure (III). The metal cations (Cs1 and Cs2) and the water molecule (O2W) also lie on a mirror plane. For symmetry codes, see Table 3 . Non-H atoms are shown as displacement ellipsoids at the 40% probability level.
donors, the 2 -O2W i [symmetry code: (i) Àx + 1, Ày + 2, z + 1 2 ] donor and two monodentate water molecules (O1W and O1W i ) (Table 1) . With (II) and (III), the irregular M2O 8 coordination sphere comprises all bonds mentioned in the description of the K complex (I), and in addition, the Rb and Cs bond length expansion allows further coordination sites through additional bridging bonds to both of the water molecules (two through O1W and one through O2W), (Tables 2 and 3 In all structures, two-dimensional coordination polymeric complex structures are generated, with the layers lying in the mirror planes parallel to (100). Fig. 4 shows the basic makeup of the layer in (I) while those for (II) or (III) are shown in Fig. 5 . The water molecule O2W provides hydrogen-bonding links across the mirror plane to arsonate O13 acceptors (Tables 4, 5 and 6).
Supramolecular features
In the crystals of all three compounds, similar overall packing modes are observed, with the coordination polymeric layers lying along the mirror planes inter-linked across [100] through amine N4-HÁ Á ÁO hydrogen bonds to arsonate O13 and water O1W acceptors (Tables 4, 5 and 6) . In this respect, they resemble the crystal packing of the Na p-arsanilate analogue (Smith & Wermuth, 2014) 
Figure 4
A partial expansion of the two-dimensional coordination polymeric sheet structure of (I), which extends across the mirror plane parallel to (100). Aromatic H atoms are omitted. For symmetry codes, see Table 1 .
Figure 5
A partial expansion of the two-dimensional coordination polymeric sheet structure of (II) [or (III)], which extends across the mirror plane parallel to (100). Aromatic H atoms have been omitted.
(a trihydrate) differs from the current isotypic set in having significantly different coordination spheres, also lacking the mirror symmetry of the primary polymeric layers in (I)-(III). With these, the N4 amino group acts as an acceptor to an O1W hydrogen bond. The water molecule O1W also forms a hydrogen bond with O11 vi [symmetry code: (vi) x, Ày + 2, z + 
Database survey
Three-dimensional supramolecular structures involving complexes of hydrogen p-arsanilate and mixed metal types, as distinct from those involving uni-metal types, such as in (I)-(III) and in those examples which have been previously mentioned in the Chemical context section of this article, are worthy of noting here. Mixed-metal-ligand examples (Smith et al., 2013) as well as mixed-metal structures add to the complexity of the coordination polymeric structures commonly generated, e.g. in the Mo/Ag, Mo/Cu and W/Na polyoxidometallate compounds (Johnson et al., 2002) , the Mo/ V cage structure (Onet et al., 2011) or the V/Na structure (Breen & Schmitt, 2008 Table 4 Hydrogen-bond geometry (Å , ) for (I). (5) 2.09 (6) 2.819 (6) 142 (6) O12-H12Á Á ÁO13 iv 0.87 (6) 1.70 (6) 2.538 (7) 160 (7) N4-H41Á Á ÁO1W viii 0.86 (5) 2.17 (5) 3.010 (7) 164 (5) N4-H42Á Á ÁO13 ix 0.87 (6) 2.15 (6) 2.984 (7) 160 ( Table 5 Hydrogen-bond geometry (Å , ) for (II). (5) 2.18 (4) 3.022 (5) 167 (4) N4-H42Á Á ÁO1W xi 0.88 (4) 2.13 (4) 3.005 (6) 176 (4) Symmetry codes:
Table 6
Hydrogen-bond geometry (Å , ) for (III). 
Synthesis and crystallization
Compounds (I)-(III) were synthesized by heating together for 5 min, 1 mmol quantities of 4-aminophenylarsonic acid and 0.5 mmol of either K 2 CO 3 [for (I)], Rb 2 CO 3 [for (II)] or Cs 2 CO 3 [for (III)], in 20 ml of 50% ethanol/water (v/v). Room temperature evaporation of the solutions gave colourless crystal plates of the title compounds from which specimens were cleaved for the X-ray analyses.
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 7 . Hydrogen atoms potentially involved in hydrogen-bonding interactions were located by difference methods but their positional parameters were restrained in the refinement with N-H = 0.88 Å and O-H = 0.86 Å , and with U iso (H) = 1.2U eq (N) or 1.5U eq (O). Other H atoms were included in the refinement at calculated positions, C-H = 0.95 Å , and treated as riding with U iso (H) = 1.2U eq (C). (Spek, 2009) ; software used to prepare material for publication: PLATON (Spek, 2009) . ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
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